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Abstract: The conformation of three synthetic peptides encompassing the proximal and distal half of the
third intracellular loop (Ni3 and Ci3) and a portion of the cytoplasmic tail (f CT) of the angiotensin II AT1A

receptor has been studied using circular dischroism and fluorescence spectroscopies. The results show that
the conformation of the peptides is modulated in various ways by the environmental conditions (pH, ionic
strength and dielectric constant). Indeed, Ni3 and f CT fold into helical structures that possess distinct
stability and polarity due to the diverse forces involved: mainly polar interactions in the first case and a
combination of polar and hydrophobic interactions in the second. The presence of these various features also
produce distinct intermolecular interactions. Ci3, instead, exists as an ensemble of partially folded states
in equilibrium. Since the corresponding regions of the angiotensin II AT1A receptor are known to play an
important role in the receptor function, due to their ability to undergo conformational changes, these data
provide some new clues about their different conformational plasticity. Copyright  2002 European Peptide
Society and John Wiley & Sons, Ltd.
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INTRODUCTION

G-protein coupled receptors (GPCRs) form one of the
largest and most important families of membrane-
bound receptors [1]. It is widely accepted that, to
untangle their structure–function relationship, an
effective approach is to investigate segments of these
large proteins [2–6].

The third intracellular loop (i3) and a por-
tion of the C-terminal cytoplasmic tail of the
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Figure 1 Amino acid sequence and schematic representation of the rat AT1A receptor. The synthetic peptides studied in
this work, named Ni3 (residues 213–231), Ci3 (residues 227–242) and f CT (residues 300–320), are indicated by solid lines.

angiotensin II AT1A receptor (AT1A) are known
to be involved in receptor activation and G-
protein selection and coupling [7–11]. Based on
this evidence, we concentrated on three seg-
ments of those cytoplasmic domains (Figure 1)
that site-specific mutagenesis and chimera expres-
sion [10–13] indicate are essential for the recep-
tor’s function: (i) the proximal part of the i3 loop
(residues 213–231, TSYTLIWKALKKAYEIQKN-NH2,
Ni3), (ii) a segment of the C-terminal tail (residues
300–320, LFYGFLGKKFKKYFLQLLKYI-NH2, f CT)
and (iii) the distal part of the i3 loop (residues
227–242, EIQKNKPRNDDIFRII-NH2, Ci3). Segments
(i) and (ii), as free peptides, are able to com-
pete with the receptor for G-protein activation [7, 8]
while segment (iii), although inactive when tested
as a free peptide, turns out to be an essen-
tial part of the i3 loop for AT1A activation and
coupling [7].

Previous studies carried out by 1H-NMR [14, 15]
showed that the synthetic receptor’s segments,
in water at acidic pH, exist in a random coil
conformation and that, in 30% TFE, while f CT and
Ni3 are able to fold into an α-helical structure, Ci3
exhibits an ill-defined conformational behaviour.

Recognizing that the expression of some biological
function implies the existence of stable or inducible
structural determinants, we have been prompted to
investigate, by CD and fluorescence spectroscopies,
whether physiological parameters such as pH, ionic
strength and dielectric constant, can elicit in vitro
secondary and tertiary structures representative of
the molecular events that in vivo are expected to be
associated with the function of the receptor complex
machinery.

MATERIALS AND METHODS

Peptide Synthesis

The peptides TSYTLIWKALKKAYEIQKN (Ni3), EIQK-
NKPRNDDIFRII (Ci3) and LFYGFLGKKFKKYFLQL-
LKYI (f CT) (Figure 1) were synthesized manually
accordingly to the standard Boc/Bzl strategy [16,
17] p-Methylbenzhydrylamine-resin (0.79 mmol/g)
in a 0.4 mmol scale was used as the solid sup-
port and the side-chain protecting groups employed
were: Bzl (S and T), 2-Br-Z (Y), cyclohexyl (D and
E), 2-Cl-Z (K), p-toluenesulphonyl (R) and formyl
(W). Briefly, the α-amino group deprotection and
neutralization steps were performed in 30% (v/v)
TFA/DCM for 30 min and in 10% (v/v) DIEA/DCM
for 10 min. The coupling step was carried out
using a three-fold excess of the acylating reagents
TBTU/DIEA [18] and HATU/HOBt [19] when recou-
pling was necessary. On the basis of a previous
report [20] correlating the solvation of resin beads
with several factors such as the peptide content, the
peptide sequence and the polarity of the medium,
during the coupling in the resins containing up
to about 30% peptide (weight/weight) or higher,
we used as solvent systems, 50% v/v DCM/DMF
and 30% DMSO/NMP, respectively. Cleavage of
the peptide from the resin was carried out in
HF : o-cresol : dimethylsulphide (9 : 0.5 : 0.5) at 0 °C
for 90 min. In the case of the Trp-containing Ni3
sequence, ethanedithiol was added to the HF mix-
ture in 5% (v/v) final solution. The resins were rinsed
with ethyl acetate and peptides were extracted with
5% AcOH and lyophilized. Purification of the pep-
tides was carried out on a Waters 510 HPLC instru-
ment using a Vydac C18 semi-preparative column
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(25 × 250 mm, 300 Å pore size, 15–20 µm parti-
cle size). The peptides were dissolved in 5% AcOH,
sonicated and centrifuged at 10 000 × g. After fil-
tration, the solution was loaded onto the column
and eluted with solvent A, H2O containing 0.1%
TFA and solvent B, H2O containing 60% acetonitrile
and 0.08% TFA. The flow rate was 10 ml/min and
absorption was detected at 210 nm. Linear gradi-
ents ranging from 45% to 85% of B, for Ni3 and
f CT, and 25%–65% of B, for Ci3, were applied over
a period of 2 h.

Analytical HPLC

A Vydac C18 column (4.6 × 150 mm, 300 Å pore size,
5 µm particle size) was used with solvent A, H2O
containing 0.1% TFA and solvent B, H2O containing
60% acetonitrile and 0.08% TFA. Flow rate was 1.5
ml/min and the absorption was detected at 220 nm.
A linear gradient ranging from 5% to 95% of B was
applied over a 30 min interval. In these conditions,
the peptides Ni3, Ci3 and f CT eluted in 19, 17 and
25 min, respectively.

Amino Acid Analysis

The peptides Ci3 and f CT were hydrolysed with
6 N HCl and the Trp-containing Ni3 with 3 N p-
toluenesulphonic acid (both procedures at 110 °C for
72 h) followed by neutralization with 2 N NaOH, in a
Pyrex tube with plastic Teflon-coated screw cap. The
hydrolysed products were analysed in a Beckman
6300 Amino Acid Analyzer. The analyses showed
the expected amino acid composition for each of the
peptides.

Mass Spectrometry

Peptides were analysed by Matrix Assisted Laser
Desorption Ionization (MALDI) on a Micromass
Spectrometer, model TofSpec SE, using α-cyano-
4-hydroxycinnamic acid as matrix. The molecular
weights found for peptides Ni3, Ci3 and f CT were,
m/z : 2297.9 Da (M+ + 1) (theoretical value : 2297.7),
1998.4 Da (M+ + 1) (theoretical value : 1998.3) and
2657.8 Da (M+ + 1) (theoretical value : 2657.3),
respectively.

Circular Dichroism Spectroscopy

Far-UV CD spectra were recorded on a Jasco J-715
equipped with a Peltier system PTC-348 WVI for cell
temperature control and on a Jobin Yvon CD6 spec-
tropolarimeter. Ellipticity is reported as the mean

residue molar ellipticity, [θ ] (deg cm2 dmol−1). Pep-
tide concentration was determined either based
on the peptide content derived from the amino
acid analyses or spectrophotometrically using the
extinction coefficients of the Tyr and/or Trp
residues at 276 nm, εTyr = 1390 M−1 cm−1 and εTrp =
5455 M−1 cm−1, respectively [21]. The percentage of
α-helix was estimated using the mean residue molar
ellipticity at 222 nm ([θ ]222) [22].

Fluorescence Spectroscopy

Fluorescence spectra were recorded using a Hitachi
1050 spectrofluorimeter at 25 °C. In the case of f CT
the excitation wavelength was set at 274 nm and,
to avoid the interference of the water Raman peak
at 302 nm, the intensity of the Tyr fluorescence
was measured at 310 nm. In the case of tyrosinate,
the fluorescence intensity was measured at 370 nm
to eliminate any artefact due to residual Tyr
fluorescence. For Ni3, Trp was excited at 295 nm.
Emission and excitation slits were set at 5 nm
band-pass; cells were 1 cm pathlength. Corrections
were made for inner filter effects [23]. Fluorescence
quenching data were analysed using the Stern-
Volmer approach for pure collisional or pure static
quenching. In the case of mixed type quenching
the data were fitted according to Eftink and
Ghiron [24].

Analysis of the pH Titration

The data of the pH titration for both the CD and
fluorescence experiments were fitted by a non-
least square regression analysis using the Hender-
son–Hasselbach equation with two pKa values.

RESULTS AND DISCUSSION

The C-Terminal Tail (The fCT Segment)

Figure 2A shows that at pH 4.0 f CT exists in an
extended form and folds into an α-helical confor-
mation upon increasing the pH. The conformational
transition begins at about pH 6.5 and the negative
ellipticity increases steadily up to pH 7.7 (Figure 2A,
inset). At pH 8.0 a sudden increase of the spec-
tral intensity occurs. Subsequently, at pH 8.8,
there is an abrupt decrease of the ellipticity asso-
ciated with a significant change of the CD profile
(Figure 2B) suggesting the onset of self-association.
Overall, the data confirm the expected pH depen-
dence of the peptide conformation due to the
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Figure 2 CD spectra of 0.12 mM f CT in water as a function of pH at 20 °C. A: pH range 3.0–8.0 (acid to basic pH from top
to bottom at 222 nm). Inset: −[θ ]222 as a function of pH; B: pH values of 8.0 ( ), 8.8 (- - - - ) and 9.6 ( . . . . . . ).

presence of several ionizable side chains. They
also indicate that hydrophobic interactions between
the Tyr and Leu residues at positions (i, i + 3) or
(i, i + 4), (Tyr3-Leu6, Tyr13-Leu17, Ley17-Tyr20),
combined with electrostatic interactions, most likely
between the Lys and Tyr residues, might be involved
in helix stability and may also favour coiled-coil
formation [25–29]. In addition, the intra- and inter-
molecular salt bridges, besides being important
for helix stabilization [30], contribute to neutralize
the peptide surface, further justifying its enhanced
aggregation capacity.

To corroborate this hypothesis we examined
the pH dependence of the peptide fluorescence
(Figure 3). The phenol side chain of the Tyr residues
is in equilibrium with its dissociated form, with a
pKa ≈ 10 which drops to pKa ≈ 4.5 in the excited
state [31]. Since the fluorescence emission max-
imum of the former lies between 303–305 nm
while the tyrosinate form emits in the range
340–350 nm [32], we have been able to monitor
the pH behaviour of the two species. As indicated
in the Materials and Methods section, to avoid
spectral interference, the fluorescence intensity was
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Figure 3 Fluorescence spectra of f CT (1.18 × 10−5M) in water as a function of pH, (acid to basic pH from top to bottom);
excitation: 274 nm. Inset: Plot of the fluorescence intensity as a function of pH at the emission wavelengths 310 nm (ž)

and 370 nm (°).

measured at 310 nm and at 370 nm for Tyr and
tyrosinate, respectively. The first decrease in the flu-
orescence intensity, measured at 310 nm, at about
pH 4.6 ± 0.1, coupled with a fluorescence increase
measured at 370 nm (Figure 3, inset), is indicative
of the ionization of the Tyr hydroxyl group in the
excited state. As for the second decrease of the fluo-
rescence intensity at 310 nm at about pH 8.5 ± 0.3,
and the concomitant increase detected at 370 nm,
is can be associated with ionization in the ground
state. The pKa decrease, observed in the ground
state, is suggestive of the onset of inter- and/or
intramolecular interactions. These results are con-
sistent with the CD data and support the hypothesis
that hydrophobic and electrostatic side chain inter-
actions are responsible for the peptide tendency to
form intermolecular aggregates.

The Stern-Volmer plots of the Tyr fluorescence
quenching, carried out at pH 4.0, 7.4 and 8.5, using
acrylamide, indicate that the quenching mechanism
is purely collisional (data not shown). The quenching
constants (Table 1), show that acrylamide efficiency
decreases from pH 4.0 to pH 8.5, and that, already
at neutral pH, the quencher accessibility to the
Tyr residues is reduced indicating that partial
aggregation is already present.

To further ascertain the role of electrostatic
and hydrophobic interactions in the regulation of
the peptide folding pathway, the dependence of
the secondary structure on ionic strength was

Table 1 Stern-Volmer Quenching Constants, Ksv,
for the Tyr Residues in f CT and the Trp Residue in
Ni3 Obtained using Acrylamide as Quencher

pH Ksv(M−1)

f CT Ni3

4.0 14.4 15.3
7.4 10.6 8.1

3.0a

8.5 9.3 —
9.3 — 7.5

a At pH 7.4 the Stern-Volmer plot for Ni3 is not linear.
Therefore the data have been analysed according to [24].

studied at pH 4.0 and 7.4 (Figure 4). At pH 4.0,
the data evidence the existence of a two-step
transition (Figure 4, inset). Up to 1.5 mM NaCl
there is a smooth transition from the extended
to a stable intermediate state. This behaviour,
combined with the absence of an isodichroic point,
suggests the presence of various conformations in
equilibrium. A second, steeper transition takes place
between 2.5 and 4.0 mM NaCl, indicating a further
enhancement of the peptide ordered secondary
structure.

Interestingly, when the titration is carried out
at pH 7.4, only a smooth transition is observed
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Figure 4 CD spectra of 0.12 mM f CT in water at pH 4.0 and 20 °C as a function of NaCl concentration (NaCl concentration
increasing from top to bottom at 222 nm). Inset: −[θ ]222 as a function of NaCl concentration at pH 4.0 (°) and pH 7.4 (�).

starting at 1 mM NaCl, which is followed by a steady
increase of the ellipticity up to 4.5 mM NaCl, where
it reaches a value similar to the one obtained when
carrying out the salt titration at pH 4.0. The loss
of biphasic behaviour (Figure 4, inset) suggests that
the intermediate state observed at pH 4.0 depends
on electrostatic interactions.

Overall, the results show that at physiological
pH f CT exists as an ensemble of conformations
characterized by partial helical folding and capable
of acquiring supramolecular organization.

The i3 Loop

The Ni3 segment. In water, at pH 3.8, Ni3 displays a
CD spectrum typical of a peptide in a predominantly
random conformation (Figure 5A). Different from
f CT, the variation of the peptide concentration in the
range 0.15–1.5 mM does not cause any aggregation
(data not shown).

Nonetheless, because of its charged residues and
similarity to f CT, Ni3 is expected to be sensitive
to pH and ionic strength. In fact, on increasing
the pH, we observed a fold of Ni3 into a helical
conformation up to a maximum helical content of
ca. 66% (Figure 5A). An initial minor conformational
transition at pH 6.7 ± 0.1 can be related to the
dissociation of Glu15. The increase of its apparent
pKa may reflect the formation of salt bridges with
the protonated Lys residues in positions (i + 3)

and (i − 3). The second transition, at pH 9.5 ± 0.1,

suggests that the dissociation of the four Lys
residues and the consequent reduction of the helix
destabilizing electrostatic repulsions [25] plays a
crucial role in the folding process. Interestingly, the
pH at which this conformational transition takes
place is significantly higher than for f CT.

The behaviour of the Trp7 fluorescence as a
function of pH is reported in Figure 5B. The first
weak decrease of the fluorescence intensity at pH
6.0 ± 0.4 is likely to reflect an initial interaction
with Tyr3 as a result of the conformational change
induced by the ionization of Glu15. The second
main decrease, centred at pH 9.4 ± 0.1, might be
due to a stronger interaction, favoured by the
peptide folding, with the nearby Tyr3 and Lys8.
However, considering that the absence of a blue shift
in the fluorescence emission spectrum indicates
that, while the peptide folds, the Trp residue
remains in a polar environment, another factor
justifying the fluorescence decrease could be the
movement of the Trp side chain closer to the peptide
bonds.

The Stern-Volmer constants for the acrylamide
quenching experiments, carried out at various pHs,
are reported in Table 1. The quenching mechanism
at pH 4.0 and 9.3 is of the collisional type. At
pH 7.4, the non-linearity of the plot (data not
shown) indicates the presence of an additional static
component. The analysis of the data [24] yielded
a KSV of 8.1 M−1 and 3.0 M−1 for the collisional
and static components, respectively. This result is
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Figure 5 A. CD spectra of 0.15 mM Ni3 in water as a function of pH, at 20 °C; pH values of 3.8 ( ), 7.2 ( . . . . . . ) and
10.4 (- - - - ). Inset: −[θ ]222 as a function of pH; B. Fluorescence spectra of Ni3 (2.2 × 10−5 M) in water (acid to basic pH
from top to bottom), λexc 295 nm. Inset: fluorescence intensity at 350 nm as a function of pH.

therefore suggestive of a heterogeneous population
of Trp residues. Since each Ni3 peptide molecule
carries only one Trp residue, these data also indicate
the coexistence of various conformational states
in agreement with the absence of an isodichroic
point in the CD spectra. In addition, because the
CD data do not indicate any aggregation process,
the decreased accessibility at basic pH can be
considered a confirmation of the proposed onset of
intramolecular interactions.

As for the dependence of the peptide conformation
on ionic strength, although Ni3 is positively charged,
the alterations of the CD spectra, both at pH 4.0
and 7.4, are not significant (data not shown). It is
possible that conformational changes might occur
at a higher salt concentration. However, for the
purpose of the present work, it is noteworthy that, in
the same ionic strength range, Ni3 and f CT, though
they both contain a patch of Lys residues (Figure 6),
behave in a distinct manner.
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Figure 6 Helical wheels based on the structure determined by NMR in 70% H2O: 30% TFE. A. f CT at 5 °C (14); B. Ni3 at
25 °C (15).

Indeed, the NMR-based helical wheel, obtained
in 30% TFE [15] (Figure 6B), evidences that in
the patch of Lys residues there are also Glu and
Thr residues that, because of their significative
electron density, at the low salt concentrations
tested could account for the reduced ion–peptide
interaction.

To better define the intrinsic propensity of the
peptide to fold into a helical structure, we tested
the effect of TFE as a co-solvent [33, 34]. The
TFE/H2O titration at pH 4.0 (Figure 7A) shows that
the coil to helix transition has already started at
10% TFE. The extent of the helical conformation
increases up to 30% TFE, reaching a value of
about 59%. In the TFE range 20%–100% the CD
spectra show an isodichroic point at 201.2 nm,
confirming the existence of a two-state transition.
Moreover, the sigmoidal shape of the plot of
[θ ]222 vs % TFE (Figure 7A, inset) is suggestive
of a strong cooperativity of the folding. The CD
profile of the peptide was investigated at various
temperatures in 30% TFE to evaluate the helix
stability. This experimental condition was chosen
because, while at this TFE concentration the
peptide appears to have already reached a stable
folded conformation, yet enough water molecules
are present to guarantee an efficient interaction
with the peptide backbone. Figure 7B shows a
linear increase of the ellipticity with decreasing
temperature. However, the relatively small variation
of the helical content (from 35% to 59%), suggests
a very stable helical structure. Moreover, since
the decrease in ellipticity is associated with an
insignificant shift of the two π-π∗ transitions
(192 nm and 208 nm), we can hypothesize that,
upon increasing the temperature, rather than an
unfolding process, what is occurring is only a

loosening of the helical structure that causes a
weakening of the helical macrodipole.

In summary, Ni3 turns out to be a peptide
characterized by a certain degree of conforma-
tional flexibility in water. However, if its confor-
mational space is restricted, as happens in TFE,
it acquires a quite stable helical structure able
only to fluctuate between a loose and a tight
state.

Comparison of fCT and Ni3 Helicity

Although f CT and Ni3 share some common features
such as the presence of Lys patches and the ability
to form amphipathic helices, they show a distinct
behaviour with respect to their response to ionic
strength and their ability to elicit intermolecular
interactions.

The helical content for Ni3 and f CT in H2O at pH
8.0 is 38% and 28%, respectively. However, in 30%
TFE at 5 °C the two peptides have the same helicity
(ca. 60% helical content).

This apparent inconsistency can be explained if
the CD data are analysed using, as a measure of the
α-helix content, the ratio R2 between the ellipticity
at 222 nm and that of the negative maximum in
the range 195–210 nm [35] Knowing that R2 tends
to 1 for 100% helix and decreases for a lesser
helical content we find, in contrast to the previous
estimate based on [θ ]222 that, at pH 8.0, f CT
presents a higher content of helical structure than
Ni3, R2 = 0.88 and 0.52, respectively. Moreover, the
measurable limiting values of R2 (Figure 8) suggest
that, in water, the two peptides possess comparable
helicity.

These results can be rationalized considering
that when the f CT molecules begin to fold, due
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Figure 7 A. CD spectra of 0.15 mM Ni3 in water at pH 4.0 and upon addition of TFE in the concentration range 0–100%
(v/v) at 20 °C (TFE concentration increasing from top to bottom at 222 nm). Inset: −[θ ]222 as a function of TFE percentage;
B. CD spectra of 0.15 mM Ni3 in the 70%: 30% H2O - TFE solvent mixture as a function of temperature (temperature
decreasing from top to bottom at 222 nm). Inset: −[θ ]222 as a function of temperature.

to the amphipathic nature of the helix and to
the presence of the Tyr Leu pairs, they initially
form loose helix associations that can lead to
a dampening of the optical activity. As the pH
increases, the supramolecular clusters become
tighter and, between pH 7.7 and 9.6, an α-helical
coiled-coil may form. These molecular events are
supported by the changes in the CD spectra
consisting of a red shift of the cross-over point
and in a drastic reduction of the π-π∗‖ transition

that leads to [θ ]222/[θ ]min > 1. The lack of a clear
red shift of the π-π∗‖ transition [36] is probably
due to the fact that it is not a simple two-state
equilibrium.

In conclusion, in the case of f CT, the driving
force responsible for its folding is a combination of
various factors such as intramolecular hydrophobic
interactions between Leu and Tyr chains [26] as
well as the reduction of the repulsive forces between
the charged Lys residues [25] and the formation of
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Figure 8 R2 vs pH for f CT (�) and Ni3 (°). R2 is the [θ ]222/[θ ]neg.max ratio, according to [35].

salt bridges between Tyr and Lys residues [27, 28].
These last factors contribute to neutralize the
helix surface and to enhance the intermolecular
hydrophobic interactions, thus determining the
strong aggregation tendency of the peptide that leads
to the formation of supramolecular clusters and/or
helical coiled-coils [29, 37].

The folding of Ni3, on the other hand, is mostly
driven by intramolecular electrostatic interactions.
This is evidenced by the shape of the pH titration,
where the two conformational transitions centred at
pH 6.5 ± 0.1 and 9.4 ± 0.1 (Figure 5A, inset) reflect
the dissociation of ionizable residues. In addition,
the peptide insensitivity to ionic strength suggests
a helical structure with a surface possessing
a net high electron density that gives rise to
repulsive intermolecular interactions and prevents
aggregation.

In TFE, however, where the aggregation processes
are strongly hampered, the two peptides behave in
a very similar manner. Thus, we can conclude that,
although both peptides possess similar helicity, the
global folding is driven by diverse chemical interac-
tions that lead to distinct molecular behaviour in
aqueous environment.

The Ci3 segment. In water at pH 4.0, Ci3 exists
in an extended conformation [15] and, similarly to
Ni3, its conformation is insensitive to changes in
peptide concentration (data not shown). However, in
this case variations of pH and ionic strength do not

induce any regular folding of the peptide (data not
shown).

The titration with TFE (Figure 9A) shows that,
in agreement with NMR data [15], the solvent can
favour the formation of some helical determinants,
as suggested by the enhancement of the negative
band at 220–222 nm. However, the overall folding
process occurs in a quite different manner and to
a different extent when compared with Ni3 and
f CT. As a matter of fact, the CD profile does not
permit a unique interpretation. In fact, it is possible
that the negative band at about 205 nm exists as
the result of the coexistence of the α-helix π-π‖∗

transition with the random coil π-π∗ transition,
therefore being compatible with a peptide containing
α-helix and random coil portions [38]. Such an
interpretation is supported by the fact that the
first negative band, that in the case of a pure
α-helix is at 222 nm, is shifted here to about
220 nm and by the observation that the positive
π-π⊥∗ transition at 195 nm is strongly dampened.
Alternatively, the two major negative bands in the
202–204 nm and 218–222 nm regions could reflect
the presence of structural determinants reminiscent
either of a 310-helix [39] or of turns belonging to a
helical backbone and giving rise to a β-spiral-like
motif [40, 41].

To further verify the peptide difficulty in acquiring
a well-defined secondary structure, we examined
the temperature dependence of its structure in
100% TFE. Figure 9B shows that throughout the
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Figure 9 A. CD spectra of 0.15 mM Ci3 in water at pH 4.0 and upon addition of TFE in the concentration range 0–100%
(v/v) at 20 °C (TFE concentration increasing from top to bottom at 222 nm). Inset: −[θ ]222 as a function of TFE percentage.
B. CD spectra of 0.15 mM Ci3 in 100% TFE as a function of temperature (temperature decreasing from top to bottom at
222 nm). Inset: −[θ ]222 as a function of temperature.

entire temperature range (5° –70 °C) the CD profile
is not indicative of any preferential conformation.
In addition, the non-linear variation of the molar
ellipticity at 222 nm (Figure 9B, inset) suggests that
changes in temperature induce conformational mod-
ifications involving the extension and combination
of the various secondary structure elements present
in the peptide.

CONCLUSION

The present view of the molecular mechanism of
signal transduction consists of a sequence of events
in which ligand binding induces a concerted reor-
ganization of the spatial distribution of the trans-
membrane helices [42]. Such a structural change
would propagate to the cytosolic loops leading
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to a rearrangement of their conformation, the
receptor activation. The resulting alteration of the
receptor-G protein contacts constitutes the receptor
G-protein coupling, responsible for G-protein sig-
nalling [42, 43].

Overall conformational flexibility is a key feature
for the function of the GPCR machinery. Here
we have studied three peptides encompassing
functional regions of the AT1A receptor showing
that, using in vitro conditions that mimic their in
vivo microenvironment, they can undergo distinct
conformational changes that are expected to reflect
their specific role in the various steps of AT1A

operation.
We believe, therefore, these studies may be use-

ful for better understanding the complex struc-
ture–function relationship of large proteins such as
GPCRs and, in particular, they may provide insights
that will allow the description in a more precise
manner of those molecular processes that are often
indicated as generic conformational changes.
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